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Section 1 

IXTRODUCTIOH 

This ia th« final report for • satellite measurement program to inves- 

tigate the characteristics and causes of horizontal ion density gradients 

in the f-region ionosphere. The satellite payload was successfully launched 

on 18 March 1969 into a polar orbit and has been providing data since that 

time. Itoit report covers the development of the paylcad, the satellite 

orbital operations, and the preliminary data analysir phases of the program. 

The analysis of the flight data is being continued under Contract N0001U-70- 

C-032«». 

The ionosphere is frequently characterized by its ability to absorb, 

refract, or reflect electromagnetic irradiations. These characteristics 

are clearly important to terrestrial and space communications networks and 

to radar tracking systems, particularly over-the-horizon tracKing systems. 

In addition, the ionosphere plays an important role in the ability to detect, 

locate, and characterize nuclear detonations by means of the electromagnetic 

signals produced by the detonations. Changes in the natural ionospheric dens- 

ity and composition are also produced by nuclear detonations in or near the 

ionosphere, and identification of the perturbed ionization can serve as • 

means of detection and characterisation of the nuclear device. 

It is well known that nuclear detonations In the earth's mair.^tosphore 

produce strong electromagnetic signals, particularly in the low-frequency 

range. Detection of these signals and measurements of their characteristics 

provide a means of identifying, locating, and characteritin« a nuclear detont- 

tion. Ilectromagnetic signals from nuclear detonations have frequently been 

observed at large distances from the point of detonation as a result of the 

propagation of the signals through the ionosphere or within the earth-iono- 

sphere cavity. The intensity, tiiae dependence, and frequency composition of 

these signals at remote distances ire strong f<inctlon2 of tne charuct^ristlcs 

of the ionosphere. At preaent, our limited knowledge of the structure of the 

ionosphe;*e continues to limit our ability to determine th^ elrctrr^a-n^tic 

source chtiricteris;ics Prom measurement.-, on the signalo rrceiv^'l *t dlntant 

stations. 

1-1 



U4SC/L-39-70-1 

Prior to the Initiation of the present program, large horizontal 

gradients in the ion density near the region of maximum density in the 

F-region (300-350 kn) had been observed by the Lockheed Upper Atmospheres 

Group with satellite instrumentation during a U-day flight in November 

1963> Some of the gradients persisted from day to day and were generally 

aligned with the magnetic field. These data, coupled with earlier data 

from the Alouette topside sounder, indicated that a nighttime trough of low 

ion density might be present at all altitudes on the equatorial side of the 

auroral zones. The data also showed that the ion density gradients on the 

nightsidc of the earth in the region of the polar auroral zones were related 

to the low-energy precipitated particle fluxes in those regions. Horizontal 

gradients were also observed in the South Atlantic anomaly region and they 

appeared to be directly associated with the artificial radiation belt and 
2 

at times with the Van Allen radiation belt . More detailed reports of the 

early Lockheed and Alouette results have subsequently been published else- 
3 U 

where * . 

The present program was undertaken to improve our understanding of the 

horizontal ion density gradients. The major goals of the program are l) to 

investigate the vertical extent of the type of horizontal ion density grad- 

ients observed in November 19^3. 2) to study the local time dependence and 

other long-term and short-tern variations of the observed structure and 3) 

to investigate the role of the energetic particle fluxes in providing the 

ion density gradient«. 

Initially, two satellite flights were planned. One was to be flown 

above the F-region peak density (UoO-500 km) and one below the peak (250-300 

km). The satellite experiment that has been completed and is reported here 

was flown above the F-peak. 

The satellite was launched on 18 March into a 99 inclination orbit with 

apogee initially at 590 km and the perigee at U69 km. All of th payload 

performed well on orbit initially and most of it continued to perform well 

throughout the first year's operation. The satellite, however, failed to 

achieve orientation and tumbled in a near randan fashion but with a tumble 
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rate that varied with time. In spite of this failure, all of the instrxnent- 

ation provided some high-duality date, and a large body of data has been 

acquired that promises to yield significant results on the systematic 

relationships between the ionospheric structure at this altitude and the in- 

put energy sources in the form of particle fluxes. Electron density and 

temperature measurements with the Langmuir probe were acquired throughout 

the experiment and ion density and temperature measurements were acquired 

during the first 225 orbits. The preliminary analysis has shown that 

ionospheric structure is observed and is significant at this altitude. 

The failure of the satellite to achieve stabilization has complicated the 

analyses, and the delay in obtaining good ephemeris data from the Air Force 

for the period prior to orbit 388 has resulted in a delay in the analysis 

of the ion and electron density data since detailed attitude information 

is required for the interpretation of the data. 

Substantial progress has been made in the preparation of a series of 

computer programs for processing the flight data. These programs have been 

used in the analysis of the particle flux data to verify their applicability 

to flight data of varying quality, and detailed surveys of the particle 

fluxes for some of the early orbits have been performed. 

1-3 
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Section 2 

mSTRlMENTATIOl 

2.1 Ionospheric Measurements 

The state of the ionosphere is best described in terms or the ion 

density, ion temperature, electron density» electron temperature and the 

intensity and distribution of epithermal electron fluxes. In this in- 

vestigation of the horizontal ion density gradients in the lower iono- 

sphere these parameters have been measured. The accomplishment of this 

task has been obtained with the following instrumentation: an Ion finery 

Analyzer (IEA) to measure ion densities and temperatures; an Epithermal 

Electron Analyzer (EEA) to measure the intensity and distribution of 

epithermal electron fluxes; and a cylindrical Langmuir probe to meas- 

ure electron densities and temperatures. 

The Ion Energy Analyzer (IEA) flown in this experiment was a re- 

tarding potential analyzer which operated in the range from ♦27 volts 

to -10 volts. The sweep voltage changed linearly from -«-27 volts to -10 

volts in a two-second period and the return sweep was accomplished in a 

one-second period. The IEA had the capability of measuring the ion dens- 

ities of two different groups of ions in an ionosphere composed of two 

groups, namely molecular ions (NO , 0 , N_ , etc.) and atomic ions (0 , 

N , etc.). In addition to the separate ion densities the eonmon ion 

temperature is also obtained. The data is partially "on-board" processed 

such that very little telemetry bandwidth is used in transmitting the data. 

A complete description of the operation of a similar instrument is given 

in the literature . 

The particular model of the IEA in this experiment required last- 

minute modifications due to the change in the stabilized orientation 

of the vehicle. The IEA is designed to be oriented looking into the 

velocity vector. Inasmuch as the vehicle was projected to be relatively 

unstable around the yaw axis, the sensor elements of the IEA were in- 

creased from initially one to four. These elements were located on the 

2-1 
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vdiirl'* ~wn*- Ui^t It»  U*i two Mn:; r.t^liillK««! CjewiI*.iOf• «t !••• .1 on* of 

ih" .ifwutr •I'MMfit.. would t«# noarly in th* direction of tb* velocity 

vector. 

The Instruaent with the four eensor eleaents we« certfulljr cellbre- 

ted Tor eech aode of operetlon. A typical cellbretlon curve is «hown In 

Fi.Tijv 2*1. The fiKure i« • reproduction of an actual atrip chart record 

of n calibration run. The varioua channel« of the chart are labeled correa- 

ponding to the function« of the inetruaeot.  The baaic cycle of the inetni- 

raent Is dcaonetrated by the "■weep" channel. 

A conventional cylindrical Lut^wuir probe was supplied through the 

courtesy of Professor A. Hagy of the University of Michigan. This in«tni> 

■ent meacure« the electron concentration and the electron temperature by 

■pplyin« a negative retarding sweep potential to a cylindrical wire prcbe. 

The electron« collected on the probe are then analysed, fro« the character- 

i«tic volt-aapere curve the electron density and teaperature say be obtained. 

A aore detailed discussion of this type of instruaent and the data analysis 
2 

aay be found In the literature . 

The Jpitherasl Electron ^nalyxer (BA) esperiaent waa incorporated in 

the satellite to aeasure the flux of electron« a« a runctlon of er»r,-y in 

the range 0-126 electron volt«. Electron« in this energy range are produced 

by photolonisation of the neutral ataoapbare, by energetic particle boabard* 

aent of the neutral ataoaphare, and by other processes such aa Joule heating 

and heat conduction froa the aagnetosphere. Theae low energy electrons are 

potentially responsible for exciting aany of the airglow lines such as 1'*9?-A 

of atoaic nitrogen, and the 1**., 1396-,  9977- and 6yOO-A  lines of atoaic 

oxygen. They also play an iaportant role in tha energy degradation of 

extreas ultraviolet photons and energetic particles into theraal eneror 

of the upper ataoaphere. 

An exaaple of or» of the sensors attached u« the electronic« boa 

1« lllu« rated in rirure 2.2. The cylindrical portion contain« rrids and 

a collector which together «erve to exclude the positiv« ion« in the iono- 

sphere and to collect negatively charged particle« (eaaentially all electron«) 

2-2 
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Figure 2.2 One of the epithermal electron analyze 
sensors. 
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which hav* sufficient energy to penetrate the reterdim; potential barrier 

established on one of the grids. The retarding potential ic stepped auc- 

cessiwly fron zero to 126 \ .Its to determine the flux in eight energy 

intervals. 

Three sensors were mounted on the satellite in different orientations, 

two of them antiparallel. The three sensors were required to overcome elec- 

tron shadowing by the vehicle in the earth's Magnetic field. The two detectors 

which were antiparallel permit measurement of a resultant electron current 

along the magnetic field line. 

The sensors were designed to measure the flux over the range 10-10 
. -p   -1   -l 

particles/cm -sec -ster . Figure 2.3 is the calibration curve for 

sensor 1 and demonstrates that this range was successfully achieved. Pre- 

liminary data analysis indicates that the electron fluxes fell within the 

range of the sensors at essentially all times. 

2.2 Particle Detectors 

An array of low-energy particle detectors was included in the payi-otd 

in order to adequately document the energy inputs to the ionosphere from 

low-energy precipitation events. The angular distributions, energy distri- 

butions, spatial and temporal distributions of low-energy particle precipi- 

tations are known to be highly variable and the fluxes can be in the form 

of electrons, protons or energetic Helium ions.   Sufficient instrumenta- 

tion is required to define all of the many parameters in the event. We 

have chosen two complementary forms of instruments to perform these meas- 

urements. The first type uses a scintillator-photomultiplier combination 

as the detecting element. It can be made with a large ceometric factor 

and so can obtain an adequate statistical sampling in a relatively short 

time and is therefore particularly suited for studying narrow uuror-tl 

structures and fast temporal changes in the precipitation. The oner •> 

and particle type is determined by some combination of electrostatic, 

magnetic, and foil threshold analysis. The design considerations and a 

detailed discussion of the construction and calibration of this type of 

2-5 
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3 U 
Instnvent has been published * . Five of them have been included in the 

payload. £neular distribution instruments (ADl) 'I, -2  and -3 measure the 

angular distribution of the total energy flux above two thresholds (0.2 and 

1.2 keV) by means of a variable electrostatic threshold which is cycled 

eight times per second between the two values indicated. Two instruments, 

Jotal Snsrgy froton (TEP) detectors -1 and -2, measure the total proton 

energy flux above U keV end the total energetic electron flux (electrons 

above 21 keV). The threshold values for these instruments are defined 

by thin evaporated alumlmvm foils on the faces of the scintillators and 

the electrons are separated from the heavy ions with magnetic analysis. 

The geometric factors, angular ranges end other specific characteristics 

of the several flight instruments are shown in Table 2-1. The second 

basic type of instrumerc used is based on the Channel-Electron-Multiplier 

(CSf) as the detecting element. These detectors are very compact and so 

many cl,annels can be included In the payload, allowing one to achieve good 

energy resolution. The small detector size, however, limits the statistical 

accu-acy of the measurements In weak or rapidly varying events. In this 

sense they are complimentary to the scintillator-photcomltiplier detectors 

described above. Ve have included five Instruments of this type in the 

payload, oriented in different directions so as to perform an angular 

distribution measurement of the incident flux. Each Instrument contains 

fron nix to ten modular channels and each channel measures a specific 

energy group of either electrons or protons. The channels are essentially in- 

dependent detectors consisting of a CO! as the censor and some combination 

of magnetic and/or foil threshold analysis to define the energy range and 

the type of particle. The modular channels are stacked together in groups 

of from six to ten on a base which contains a comnon high-voltage supply 

and signal handling circuitry, nie design, construction and calibration 

of these instruments has been described in the literature and will not 

be elaborated upon here. 

The individual modules can be one of several types. The CME (Channel- 

electron -multiplier - Magnetic analysis - Electrons) uses a l80 permanent 

magnet spectrometer to define the energy ran^e. The CMP (Channel-electron 

2-7 
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llttpüt - Marnetic anulysis - Protons) alsc uses magnetic analysis but 

■MMVM IncJdont protonc. The CKP (Chtmnel-eiectron-multiplier - Foil 

UVMIWU WMÜysil - Protonr.) MM u magnetic broom to sweep out electrons 

uiul MfllMi MM IhMahuld »snori^y of tho mo'i:;ure'J proton flux with a thin 

carbon or nickel foil. The CP!B (Channel-electron-multiplier - Foil threshold 

analysis - Electrons) is a similar unit without the magnetic broom so that 

the difference between its response and that of the CFP gives the electron 

flux above the foil determined threshold. The CZU (Channel-electron-multiplier - 

Z [unspecified analysis] - Ultraviolet) is a background channel which 

measures the incident ultraviolet radiation in the 1000Ä range. The channel- 

electron-multipliers are quite sensitive in this wave length region which 

contains both an intense solar line (1216X) and several auroral emissions, 

and the background measurements Eire needed to subtract out this UV response 

when necessary. The specific characteristics of the individual channels 

included in the payload are shown in Table 2-1. 

In addition to the five modular CEM instruments, an instrument has been 

included in the payload using OEM's as the sensing element, which is designed 

to measure the ratio of energetic Helium ions to protons in the auroral pre- 

cipitations. It contains three channels each of which consists of a velocity 

filter (crossed electric and magnetic fields) in series with an electrostatic 

analyzer. The electrostatic analyzer is operated at a fixed energy (l, 3 or 

8 keV in each of the three channels) and the electric field on the velocity 

filter is swept so that a range of mass-per-unit-charge is analyzed. The 

instrument is capable of resolving H , He  and He ions. Figure 2.k  shows 

the data from the 8-keV channel for two consecutive mass sweeps during an 

auroral precipitation event In the southern hemisphere which contained a 

substantial component of He . 

As has been indicated, a substantial fraction of the low-energy detect- 

ors utilize thin foils to define the energy range of the particles measured. 

The precise determination of the thickness of these foils is required as 

part of the calibration process. This is accomplished by means of a thin 
2hl 

radioactive source of Am   which emits alpha narticles of 5.^8 MeV. A 

high-resolution solid-state detector is used to measure the eneri^y IMS of 
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2045    20U6   20^7   20k8 2(A9    2050    2051   2052 

UNIVERSAL TIME (sees) 

Figure 2.h Flight data from the CXA (Channel-electron-multiplier - X 
[crossed-field analyzer] - Alpha particles plus protons). 
Two consecutive mass sweeps are indicated from a crossinn 
of the auroral zone on 13 May 1969« 
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the alpha particles in traversing the foils. For the scintillator-photo- 

multiplier detectors where the foil is evaporated directly onto the face 

of the scintillator, this is accomplished by determining the increased energy 

losa of the -ilpha particles in traversing a thin plastic film (formvar) which 

has boon placed next to the scintillator during the evaporation process. 

These measured energy loss values and the equivalent thickness in ugm/cm 

for the flight foils are given in Table 2-II along with other relevant foil 

parameters. 

Figures 2.5 through 2.9 give the calibration curves for the five scin- 

tillator-photomultiplier flight instruments. The ordinates give the total 

particle energy deposition in the scintillator and the abscissas show the 

corresponding output voltage of the instrument. The shapes of the curves 

are determined by activating the instruments with a series of geometrically 
90 90 

identical Sr -Y  radioactive sources of known relative intensity in a 

reproducible geometry. The calibration points obtained from these sources 

are shown on the curve (labeled 2-3 through 2-12). The absolute normal- 

ization of the curves is determined by measuring the energy deposition in 

the scintillator from one of the weaker sources using pulse-counting tech- 

niques . Also shown on the curves are the points from the in-flight calibra- 

tion light diodes (Gallium-phosphide). These lights are turned on period- 

ically during the course of the experiment to measure any gain drifts in 

the instruments. A low-level in-flight radioactive calibration source is 

included in each detector and its level is also indicated on the curves. 

For the ADI instruments the source material used is H (adsorbed in Zr) 

which has a beta spectrum of sufficiently low energy that it is affected 

by the repelling and post-acceleration voltages used in the instrument. The 

instrument response to the source in each of its two operating modes (200 eV 

and 1200 eV threshold steps) is indicated by the upper two points and the 

response in a possible failure mode (post acceleration and repeller volt- 

ages ■ 0) is shown as the lowest point. 

Figures 2.10 and 2.11 give two representative calibration curves for 

the GEM instruments. The ordinates give the counting rate and the abscissas 

show the corresponding output voltages. Two curves are shown - one for 

2-12 



Iiec/L-39-70-1 

Tfble 2-II.    CMARACTERISTICS OF FUGHT FOILS 

Instrument 
Foil 

Number 
Foil 

Material 

Foil 
Diameter 
(inches) 

Measured foil 
Thickness Li«ht 

Transmission keV *4i*/cmZ 

ADI-1 129A Alumi/iu« 1.550 11.8 20.1 7.8xl05^ 

3.5xl06«« 

l.lxlO6»« 

API-2 129B Aluminum 1.550 11.8 20.1 

ADI-3 129D Aluminum 1.550 11.8 20.1 

TEP-106-1 602B Aluminum 0.875 9.'» 15.8 1.6x10'•• 

6.1xl06»« TEP-108-2 113B Alumir.umt 0.875 13.0 22.0 

TEP-IO8-2 X650LA Aluminum 0.705 - 1000» • 

1.1»X10*3A CFP-1B 190 Nickel 0.028 26.U 61.5 

CFP-1D i:25 Nickel 0.026 95.5 222.0 < U.UIO''A 

CFP-2A 1U3 Carbon 0.01»» 10. u 13.7 1.2X10'2A 

CFP-2C 261» Nickel 0.026 56.0 130.0 * 2.UxlO"'A 

CFP-2E 215 Nickel 0.028 " '♦150» 
A 

CFP-3B 186 Nickel 0.01U 2U.2 56.3 1.6xlO"3A 

< 7.2xlO"7A 

1.2X10"3A 

« 9.5xlO*7A 

CFP-3D 23'» Nickel 0.026 95.5 222.0 

CFE-UA 255 Nickel 0.'20 3^.2 79.7 

cre-^B 232 Nickel 0.020 50.9 218.0 

CFE-UC 221 Nickel 0.020 - U150» 
M 

CFP-^B 29* Nickel 0.020 33.6 78.U l.UxlO*JA 

CFP-5D 231 Nickel 0.020 93.5 217.0 « «».3x10"^ 

crE-5 2Ul Nickel 0.110 mesh ■ 28l^)» - 

CFP-5B 193 Nickel 0.056 25.9 60.3 1.5xlO"JA 

CFP-5C 5 Nickel O.056 65.'» 151.5 < l.8xlo"rA 

1.7x10^ CFP-5D 229 Nickel 0.110 Mi 96.0 «f3.f» 

CFP-5E 219 Nickel 0.110 • '•150» • 

•   Weighed on microbalance 

••   Response to full moonlight (keV/sec of 
equivalent flux) 

A   Measured transmission fraction for 
1216X radiation 

t   An additional foil consisting of a layer of £-nil 
mylar with about 100 tiftn/cn2 Al evaporated on it is 
used in series with the foil evaporated on the 
scintillator for this instrument. 
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periodic (sinusoidPl) and one for random inputs. Included on the periodic 

curves are the points from the in-flight calibration oscillator vhich is 

used to calibrate all the ratemeters periodically during the course of the 

experiment. Also shown is the point from the in-flight radioactive calibra- 

tion source which is included in each channel to indicate any possible 

chances in (JEM counting efficiency during the course of the experiment. The 

measured respons' s of all of the various detectors at each step of the four- 

step calibration sequence and to their radioactive in-flicht calibration 

sources are shown in Table 2-III. The laboratory measured values are .shown 

as well as measurements taken in orbit both shortly after launch and after 

about a year's operation of the experiment. The overwhelming majority of 

the sensors were still functioning satisfactorily at that time. 

In order to adequately measure the more penetrating particles found in 

the relation belts and polar cap regions which can be a significant source 

of background to the low-energy detectors, an instrument called the PRM 

(Penetrating Radiation Monitor) has beer included in the payload. This 

instrument possesses high-sensitivity and high-time resolution for the 

measurement of protons, electrons and alpha particles. Detection of pro- 

tons in the energy range 1.2-li'j MeV and integral above 70 MeV, electrons 

in the range O.U-1.9 MeV and alpha particles in the ranr;e 7-20 MeV is pcr- 

formed with sensitivities as high as 0.1 particles/ -m -sec and with a 

dynamic intensity range of six decades. The instrument employs a trans- 

mission solid-state detector having a total-depletion depth of 212 urn and 
2 

a sensitive area of 300 mm in conjunction with a total-energy plastic- 

scintillation spectrometer. The plastic-scintillator has a diameter of 

6.5 cm and a thickness of 2.8 cm, corresponding to the range of a 58-MeV 

proton. Both detectors are surrounded with a minimum shielding of 5.0 gm/cm 
o 

corresponding to the range of a 60-MeV proton. A 1-rag/cm -thick mylar 

window, evaporated on both sides with 100-ug/cm aluminum is placed across 

the entrance aperture to make the assembly li^ht-tight and to prevent low- 

enen^y electrons and protons from entorinc the solid-state dotector. The 

maximum acceptance half-aniilc of the uperlMM is 50 doi'rees m<i  tho onni- 

directional r^ometric factor for an i;;utropic flux is ipproxin it«'l.v 0.5 rtn  . 
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Table 2-III. LOW-ENERGY PARTICI£ DETECTORS. 
IN-FLIGHT CALIBRATION RESULTS. 

(Sheet 1 of k) 

1 Fli/!ht Flirht Kll.'ht Fli.'.M». 
Detector kal) Tent Tost Test Detector Lab Test Tcrft Te^t 

Modo (1-PW,9) (3.p<4-69) ('4-20-70) Mode {l'A-o9) (3-Ä«^9) (»i-ro-yo) 

CFP-1B CME-1F 
CWC-l 2.33 2.32 2.25 06C-1 2.37 — 2.15 
OSC-2 3.15 3.15 3.00 OGC-2 3.18 -- 3.oo 
OSC-3 ^.28 «♦.25 k.15 06C-3 »♦.30 .. »♦.05 
OSC-'+ M5 U.92 k.8o osc-k »♦.95 .. »♦.70 
DC Source 1.10 1.10 o.So IFC oource 1.00 0.85 

CFP-1D CXA-LA 1 
0ÜC-1 2.2k 2.2k 2.10 OSC-l 1.81 1.85 1.80 
OSC-2 3.05 3.03 2.95 06C-2 2.72 2.77 2.70 
OSC-3 U.lU U.09 u.oo 06C-3 3.90 3.95 3.8Ö 
osc-u k.76 U.76 U.65 OSC-U U.70 U.70 »♦.65 
IFC Source 0,90 0.95 0.80 |   IFC Source)DN 0.20 Mi 0.10 

Ö T 0.20 M 0.20 
CME-1A CXA-1B 
OSC-1 2.32 2.28 2.20 OSC-1 1.7^ 1.85 1.72 
OSC-2 3.16 3.15 3.05 OSC-2 2.65 2.70 2.65 
OSC-3 «♦.25 U.21 «♦.10 06C-3 3.90 3.95 3.8H 
OSC-U U.90 U.88 U.80 06C-U »♦.72 »♦.70 U,60 
IFC Source 1.00 1.00 1.00 IFC Source »0.20 MB 0,10 

2.28 

0 ■F 0.60 mm 0,25 
CME-IS OCA-IC 
OGC-1 2.31 2.20 OSC-l 1.80 1.8o 1.75 
OKC-2 3.12 3.11 3.00 OSC-2 2.70 2.70 2.62 
OGC-3 U.21 »♦.17 U,00 06C-3 3.90 0.85 3.75 
OGC-k U.85 k.ak »♦,70 OSCA U,65 l».7t »♦,50 
IFC Source 1.10 1.10 0.75 IPC Source If 0,20 M« 0,10 

0 T 0,70 W9 0,15 
CME-1C ADI-1 
OSC-1 2.25 2.2U 2.15 Light 1 1,85 1.5U 0,97 
OSC-2 3.06 3.03 3.00 Light 2 Mt 2,09 1,62 
OSC-3 ^.15 k.13 U,05 Light 3 3.2U 2,91 2,62 
OSC-U «♦.79 k.76 k.75 Light k U.IO 3.90 3.60 
IFC Source 1.00 0.95 0.80 IPC Source 1 1.09 0.95 0.50 

IFC Source 2 1.22 1.00 0.60 
CME-1D CMP-3A 
OSC-1 2.25 2.2U 2.10 OSC-l 2.28 2.2U 2.20 
OSC-? 3.03 2.99 2.95 06C-2 3.10 3.07 3.00 
OSC-3 U.12 »♦,09 »♦.00 OSC-3 »♦,23 U,17 »♦.15 
OSC-'^ U.77 U.76 »♦.70 OSC-»^ »♦,86 k.6k »»,80 
IFC Source 1.00 0.95 0.05 IPC Source 0,80 0,90 0,70 

CME-1E CMP-3B 
06C-1 2.31» 3.32 2.20 OGC-1 2,?8 2.2k 2,18 
0f.C-2 3.1»* 3.11 3.00 06C-2 'j.07 3.03 3.00 
OGC-3 h.22 U.21 »♦,00 OGC-3 U.18 »♦.13 '«.05 

: orc-^ u.m U,88 »♦.70 CSC-»^ U.83 U,80 »♦.7? 
|   IFC Source 
i 

1,00 1,00 0.30 IPC Source 0.90 1,00 0,80 
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Table_2-IIl. WW-ENERGY P/JITICLE DETECTORS. 
Hf-FLIGHT CALIBRATION RESULTS. 

(Sheet 2 of k) 

Flight Flight Flight Flight 
Detector Lab Test Test Test Detector Lab Test Test Test 

Node (l-2i4-69) (3-24-69) («♦-20-70) Mode (l-2«^-69) (3-2«+-69) («♦-20-70) 

CMP-3C CME-3B 
CGC-1 2.32 2.28 2.15 OSC-1 2.19 2.17 2.10 
OSC-2 3.09 3.03 2.98 0SC-2 3.02 2.99 2.95 
OGC-3 k.17 1.13 «♦.00 OSC-3 «♦.10 «♦.06 '♦.00 
06C-4 h,H2 u.m «♦.70 OSC-«^ «♦.72 «♦.69 ft.60 
IFC Source um l.UO 1.20 IFC Source O.90 0.90 0./5 

CPP-2A CME-3C 
CSC-1 2.38 2.36 2.30 OBC-1 2.28 2.2«. 2.15 
OSC-2 3.17 3.15 3.05 06C-2 3.09 3.0/ 3.^ 
OSC-3 14.27 4.25 «♦.12 OSC-3 '».18 '».13 '1.05 
OSC-U '♦.93 M2 '♦.80 OSC-4 k.6h «♦.80 ft .75 
IFC Source 1.20 1.20 0.95 IFC Source 1.00 1.00 0.80 

CFP-3B CME-2D 
OSC-1 2.28 2.2k 2.15 OSC-1 2.29 2.28 2.25 
08C-2 3.11 3.07 3.00 OSC-2 3.09 3.07 3.05 
OSC-3 Mk k.21 «♦.10 OSC-3 «♦.20 '♦.17 k.13 
06C-1* u.90 k.8& «♦.75 OSC-4 «♦.86 ft.aft 4.78 
IPC Source 1.00 0.95 0.80 IFC Source 1.10 1.00 C.70 

CFP-2C CZU-2 
OGC-1 2.35 2.32 2.25 OSC-1 2.25 2.2k 2.15 
OßC-2 3.16 3.15 3.05 OSC-2 3.0U 2.99 2.95 
ORC-3 '4.28 «♦.25 '».18 06C-3 (•1ft '1.09 h.CKJ 
OSC-^ M3 k.92 «♦.85 OßC-k ft« 19 '».76 '1. fO 
IPC Source 1.20 1.15 O.90 IFC Source 1.30 i.fjf> 0.35 

CFP-3D ADI-2 
OSC-1 2.30 2.28 2.10 Light 1 1.30 1.65 1.88 
CSC-2 3.09 3.07 2.90 Light 2 1.90 2.01 1.66 
OSC-3 '».20 U.13 «♦.00 Light 3 2.70 2.76 2.76 
OßC-k '•.87 «♦.8«4 «♦.68 Light «♦ 3.90 3.78 3.80 
IFC Source 1.20 1.20 1.05 IFC Source 1   0.80 mm 0.65 

IFC Source 2   0.90 mm 0.75 
CFP-2E TEP-108-1 
08C-1 2.30 .. 2.15 Light 1 1.63 1.50 1.62 
OSC-2 3.09 mm 3.05 Light 2 2.35 2.2«+ B.ftO 
06C-3 K.13 mm «♦.00 Light. 3 S.lft 3.11 3.22 
OSC-'« «♦.80 mm k.70 Light «+ «♦.09 «».13 ft.18 
IFC Source 1.30 ** 1.00 IFC Source 0.68 0.55 0.50 

CME-2A TEP-108-2 
06C-1 2.30 2.28 2.20 LL'ht 1 1.51 U97 0.75 
06C-? 3.11 3.0/ 3.00 LiKht P 2.29 S.riH I .ft) 
0SC-3 '♦.22 i.ir «».10 Ll(Tht 3 5.» S.11 ?,fjn 

1 osc-u t.86 «..«>♦ «1.75 Lii'frt h k,a h.O'i '..'.(. 
IFC Source 1.00 UflO o./o IPC Source <>. t0, O.Jfi <■."; 

.. 
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Tihle  P-TII. LOW-ENERGY PARTICU-: DETECTORS. 
IN-FLIGHT CALIBRATION RESULTS. (:;h«»*»i 3 of 'i) 

r Fli.'hL Flicht. I'li.-h«. Hi-lit. 
j Doioetor Mi T'-;:t fB«t Tost, D'-t-'ctor Lib fM| T.'ül. T.'.;t 
I     M(jd'.' (1->'.-« .9) (3-P'.-..9) (U-PO-/0) Mode (1-'.-09) (3-;,,'-"i0 (»i-.-v-A') 

C?P-^P CFE-UB 
OZC-l 2.31 2.28 2.20 OGC-1 2.3U 2.32 2.25 
onc-2 3.13 3.11 3.05 OSC-2 3.13 3.11 3.05 
OGC-3 U.26 U.21 U.10 OSC-3 U.22 U.17 h.lO 
a^c-u U.92 U.88 U.75 OSC-U U.88 U.8U U.75 
Ir'C ilonrco 1.20 1.30 1.10 IFC Source 1.50 1.50 1.20 

Ci'P-'tD CFE-Ue 
OTC-l 2.3» 2.32 -- OGC-1 2.89 2.20 2.10 
occ-;' J.18 3.15 -- OGC-2 3.05 3.03 2.m 
ore-3 U.2b (.21 -- OGC-3 U.18 U.13 3.95 
OCC-'' t.ff U.88 -- a^c-u ^.83 U.80 '♦.65 
It'C Source 1.10 1.20 -- IFC Sotirce 1.20 1.10 0.90 

CME-l+A ADI-3 
OTC-l 2.36 2.32 2.27 Ltrht  1 l.lo 1.73 0.90 
ore-.? 3.18 3.15 3.10 Lir,ht 2 1.50 2.20 1.57 
OSC-3 k.29 k.25 U.20 Ll^ht  3 2.50 3.07 2.U9 
or,c-'* U.9U k.92 U.90 Ll*ht U 3.50 3.9U 3.U9 
1¥V Sourco 1.00 1.00 0.75 irc Source 1   0.80 Ü.9I 0.U5 

IFC Source 2    0.90 1.06 0.55 
CME-I+B CFP-5B 
OSC-l 2.33 2.28 2.25 OSC-1 2.37 2.36 __ 
Oi-.e-2 3.1»* 3.11 3.10 OSC-2 3.18 3.15 mm 

or.c-3 »♦.25 U.21 U.20 OSC-3 U.28 U.25 . « 
or.e-U 1+.88 h.Qk U.90 OGC-U U.9U U.92 mm 
I"C Source 0.90 1.00 0.80 IFC Source 1.20 1.30 -- 

CME-UC CFP-5C 
OSC-1 2.35 2.32 2.25 OGC-l 2.3U 2.2U 2.10 
OGC-2 3.17 3.15 3.05 06C-? 3.18 3.07 2.92 
OSC-3 k.27 U.25 U.15 OSC-3 U.29 U.17 3.95 
osc-u U.90 U.88 U.75 OSC-U U.97 U.8U '».70 
IKC Source 1.20 0.90 0.80 IFC Source 1.00 0.95 0.20 

1 CME-UD CFP-5D 
ore-I 2.33 2.28 2.10 OGC-1 1.00 2.32 mm 
OCC-2 3.15 3.11 3.05 OGC-2 2.3U 3.15 mm 
osc-3 '♦.29 U.21 U.IO OSC-3 3.18 U.25 mm 
OSC-'» U.91 U.88 U.80 OSC-U U.29 U.92 mm 
IFC Source 0.80 0.90 0.65 IFC Source U.97 1.00 -- 

CFE-UA CFP-5E 
06C-1 2.32 2.28 2.25 OSC-1 2.36 mm mm 
OGC-2 3.13 3.11 3.05 OGC-2 3.19 mm mm 

osc-3 U.25 U.21 U.15 a'.c-3 U.29 __ mm 

osc-u '♦.92 U.88 U.82 OGC-U U.9U mm _ _ 
;   IFC Source 1.60 1.70 1.35 IFC So»irw 1.10 -- — 
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Table ^-III.  LCW-ENERGY PARTICLE DETECTORS. 
IN-FLIGHT CALIBRATICW RESULTS. (Sheet k  of k) 

1 1 Fli rht Fllrht 
Ix" Sector La». T'-:;t To-t Test 

Mod'.' (i-?'.-^) (3-?'^9) (U-^j-Zo) 

CME-5A 
(XX-1 2.3^ 2.32 -- 
OZC-? 3.13 ''.ll -- 
OCC-3 U.23 »♦.21 -- 
osc-^ U.89 U.88 .• 
1VC Source l.UO l.UO -- 

CME-5B 
OSC-1 2.3/ 2.36 2.25 
CCC-? 3.19 3.15 3.05 
OSC-3 ••JO «4.25 »♦.&5 
OSC-'i u.yy U.96 U.75 
IKC Source i.6ü 1.70 0.20 

CME-5C 
CRC-1 2.32 2.28 2.25 
OSC-2 3.13 3.11 3.05 
OSC-3 h.-^ »4.21 U.15 
OCC-'» h.'jl kJB kM 
IFC i'.ourcn l./O 1.60 1.15 

CME-5I) 
cr,c-i 2.3/ 2.36 2.25 
OEC-2 3.18 3.15 3.10 
OSC-3 U.29 U.25 (.19 
OSC-U M5 U.92 u.e? 
IFC Source 1.80 1.80 1.15 

CZU-5 
06C-1 2.36 2.36 .. 
C6C-2 3.19 3.19 
ore-3 U.31 U.29 _. 
osc-u U.96 U.92 .. 
IFC Source 1.30 -- 1.10 

ere-5 
0SC-1 2.30 mm 2.30 
0SC-? 3.09 3.09 
OSC-3 U.22 mm '♦.05 
OSC-1' U.88 mm '♦.75 
IFC Source 1.50 mm 0.05 
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k'zc*tpVthl*i piljes  «re«» ••uch Jet*»etor,  us deteriBlned by varlouc coatlnations 

of coincidehce loclc, are analyzed with separate 15-channeI pulse-heirht 

analyzers of the analo^-tc-di.'iLul type. 
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Section 3 

ORRATIONS 

3.1 Satellite Performance 

Between 18 March 1969 and 26 April 1970, the OVl-18 satellite has 

completed 6l6l orbits in space. Of this total number, there have been 

638 telemetry acquisitions of the satellite by the eight tracking sta- 

tions in the net. During 611 of these ecquisitions, tape-recorded data 

were transmitted to the station at a 16:1 reproduce/record ratio. In 

this manner, slightly greater than one complete orbit of data (100 minutes) 

were obtained for each station pass. The remaining data consists of real- 

time passes over a station, particularly over the Ascension Island tracking 

station which is located in the South Atlantic anomaly region. 

Analog telemetry tapes recorded at the respective tracking stations 

were shipped to Cape Kennedy where they were dubbed and used to generate 

a computer-compatible, digital-formatted tape. Both the analog and digital 

tapes for each pass were made available to the various experimenters. Upon 

receipt, all analog tapes were surveyed at the Lockheed Research Laboratory 

Data Processing facility. Key experiment data and satellite status data 

were inraediately processed on 12-channel pen recorders. A log of satellite 

performance parameters including transmitter signal strength, tape recorder 

data quality, solar cell-battery power output, temperature, command responses, 

and orientation in the geomagnetic field was accurately maintained. In gen- 

eral, with the one exception of satellite orientation stability, the over- 

all performance of the 0V1-18 spacecraft can be described as excellent. 

Evaluation of the satellite power system indicates that the solar cells 

have provided and are providing sufficient voltage and current to the vehicle 

regulator to maintain the experiment power bus at an extremely stable +28 

+ O.OU VDC. Analysis of several temperature monitors throughout the lU-month 

period of operation has revealed an experiment operating range from +l80C 

to +25 C, a remarkedly narrow and desired range. 
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T"J'i»>Lr> si -fi^l   itmrw'U» Vrom Un» s«t»-ilit»r tinz b*?*»ii surflcl^nily 

nl -ti such that «xc«ll«rtt siitntl-to-nols«» ratios have been consistently 

achicwl.    On «any acquisitions,  it is not unusual to process a complete 

I'Ai minutes of tape-rectrded data containini* over lu bits of data without 

the loss of a single bit.    The averare bit-error rate has been approximately 

one part ir. 10   which still results in hi »^-quality data.    An apparent var- 

iation in tape recorder speed was observed during Nay 1969» but this prob- 

lem corrected itself and normal performance has been observed since that 

time. 

A    a result of difficulties in deploying the gravity-gradient stabili- 

sation booms shortly after launch, th* 0V1-18 satellite never achieved the 

desired three-'ixis, eurth-centered stabilization.    Initially, the satellite 

instability manifested itself -is a relitively slow tumble with a rate of 

0,01 per mlnut»» or '«pprojcinntoly «fK» fompl»»t«» revolution per orbit.    TUc 

turiblc rate r.lowly increaced in in «pproxiroatrly line-ir nvirucr to o.^l 

rovclutioru per minute   is shewn in Figure 3»i- until mid-September l&tj 

when one or more of the boons apparently came  five of the satellite.    At 

this point, the tuirtble rate increased more dramatically to a maximum value 

of 0.U8 revolution    per minute and then slowly decreased to the present 

value of approximately O.Uo revolution per minute.    The tumble rate was con- 

tinuously monitored alow: the three principle vehicle axes by a tri-axis 

magnetometer.    As discussed in the data analysis section, a detailed anal- 

ysis of these magnetometer outputs revealed that residual offsets existed. 

A correction pro-run was incorporated into the data processinr. loop to 

compensate for these offsets.    The resultant instrument and satellite 

orientttion data with respect to the SWH0W%io field  is thouj'ht to be 

accurate to  i f*v dcrreeo.    The most significant rffoct Uvit MM lacK of 

vehicle stability has produced  is   » reduction  in the  fraction of tlmr- 

spent ob3*»rviri^ desired ph^noeiena,  for example,  the  lri;:truinr»rit.r. arn or- 

iented toward the earth durim: an appreciable portion of an orbit.    Il«»w- 

ever,    since each instrument orientation in the geomagnetic field is Known 

at ill times, valuable information is obtained when the orientation is 

favorable. 

3-2 



UGC/L-yj-fo-l 

i: o 
c 

I 

5 

8 
• 

c 

2 

I 

o n S      2 
(axnNiM/SNOLurioAaH) aivH aiawnx 

3-3 



IMSC/L-39-70-1 

Tubin VI containn u sumnnry of thn  data acquired from the 0V1-18 

r.rttollite ilon.': with the number of unalo/; tapes which have been surveyed 

for key dut-«. Comploto uialo^ pen recordinßs of all the experimental data 

htve been processed from 52 tape-recorded passes. In addition, 86 tape- 

recorded orbits have been processed through the Lockheed UNIVAC-llOB digital 

computer. Ttiis latter process utilizes the formatted digital tapes mentioned 

earlier and allows detailed scientific calculations to be performed on the 

data. The various software programs which were developed under this con- 

tract to process these data are described in the data analysis section. 

Table 3-1  Extent of Data. 

28 April 1970) 1. Satellite orbits (18 March 1969 

2. Data acquisitions 

a. Tape recorded orbits     611 
b. Real-time station passes  U? 

3. Processed data 

a. Analoc survey pen recordings 
1. 36 tapes not received 
2. 13 tapes too noisy for processing 
Analog pen recordings for all experiment data 
Digital tapes processed through UNIVAC-1108 
computer 

b. 
c. 

6161 

658 

562 

52 
86 

3.2 Instrument Performance 

The overwhelming majority of the instruments in the payload performed 

well and are still producing useful data over a year after launch. All 

twelve of the particle instruments functioned as designed and are still 

operating although some of the specially designed chunnel-elcctron-mul- 

tipliers in one instrument (the Electric Field Probe or EFP) have exper- 

ienced gain fatigue and are no longer producing useful data. These mul- 

tipliers require a longer outgassinr period than the conventional unitr. and 

several of them suffered a period of corona discharge when the satellite 

payload was turned on earlier than expected on orbit 51« This early turn-on 
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was decided upon because persistent, drops in the telemetry power output durinr 

the first three days caused acme  concern 'ibout the possible early failure of 

the telemetry. The problem later cleared itself up, however, and as has been 

indicated, the telemetry functioned well for the remainder of the experiment. 

The ion energy analyzer worked well for a period of 225 orbits. All 

experiment monitors indicate normal instrument operation over this period. 

As has been indicated, the two-axes stabilization of the vehicle was not 

achieved and thus the pronrammed operation of the IEA was not as effective 

as had been planned; however, the data may be retrieved by appropriate analy- 

sis. A sample of the data thus obtained is shown in Flrur*» 3*2. This dut-i 

was obtained fron Just one sensor element and is typical of the data found 

from the other sensor elements. The data presented in Fipure 3.2 is quick- 

look ion density data and has been processed by hand. No effort has yet been 

made to normalize this raw data to the velocity vector direction. The char- 

acter of the data is, however, interesting in that it clearly shows that 

large horizontal gradients in the ion density do exist. The complete analysis 

of the data awaits, however, the detc -mination of the attitude of the vehicle 

as a function of orbit position. 

Although not uniquely detemined, the failure of the instrument may 

have resulted from the required addition of the three extra sensor elements. 

The four sensor elements, when operated together, required operation nearer to 

the output limit of the instrument power supply than with ore sensor. Short- 

term tests and circuit analysis showed the performan?« to be satisfactory, 

but the constraints of time imposed by the launch scnedule precluded lone» 

term tests. 

The cylindrical Langmuir probe operated as designed from instrument 

turn-on to the present time. Selected orbits of data have been analysed 

by hand. Complete analysis of the data awaits the orbit-attitude informa- 

tion. An example of an actual data record is shown in Figure 3*3 in which 

one complete data cycle is given. The upper trace corresponds to the 

potential applied to the probe. The lower trace represents the data out- 

put from which the characteristic volt-ampere curves are constructed. The 
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WBC/L-39-70-1 

10' 

KT 

10 

S 

10* 

10* 

DAYS1DB 
AURORAL 
ZONE CALIIIRATION 

SEQURNCC 

ION DENSITY SENSOR NO. S 

ORUITSI 
MARCH 22, IMS 

Tg ♦ 10 mln 
^J- 
TIME 

T0 I 20 mln 

Pljur» ^,2   S"«ple d«!,« ms« Ion tt*r-j Analyzer. 

3^ 



Iiec/L-39-70-1 

i 

i 

I 
i 

I 
c 

I 
a 

E 

i'. 

3-7 



IXSC/L-39-YO-l 

electron temperature ui.d dennity are sutnequently obtained from the unalysis 

of th^ volt-'impor».'  curves« 

Th<- KK.'v "xp^'rlmfrit, operated UJ doni/'ned Tor   ipprcxim«tely one ui.d one- 

halC i'riit:; of d»tM MfUlsltlun.    Samples of telomftry output for the three 

uoncor h'.'ud.: over sev<'r*l iiutrum^nt cycle.-;   md durin»^ the  rir.it or»>it of 

'lutu   icquiji'iofi i;: illuatruted in Kicurc 3»'»«    The top siryial,   la(>elr»<j 

Ptiij-!,  in licates the r.'turdin* potential applied to the retardir. •   -rid   ind 

also the hli'h and low current calibration phases.    The other three .;] 'nals 

indir*te the telemetry voltage corresponding to thf electron c irrent   .•<'ll<.'ct"(i 

by each sensor.    Only   i  few individutl cycles have been analysed,  two of which 

will be presented in Figure '♦•lO in the d<itu analysis section.    Ourin.' th*» 

second orbit of data acquisition, the instrument failed from an "ndetermined 

cause.    However, the uniqueness of this low-cner.'y electron data maKes only 

one and ■ half orbits of data of significant value. 

3.3    CoorlJrrtt.'-d Oti.i^rvit.iutis 

i'^r selected  periods,  th.1 .;it"llit^ experiment hi.;  also provide'l muntj 

t:  iv» mfrasuremonts of the particle flux inputs to the ionosphere  for  irt'«r- 

comparlson with coordinated iiround-lnscd observations of various iono.-.ph'-ric 

phenomena.    Of particular interest is a study of the relationship Iwtwan 

radar clutter and refraction phenomena  and the auroral particlf fluxes.    Thi^Jc 

sets of coordinated satellite and ground-based radar observitions have beofi 

carried out,  two in cooperation with the radar .Toup at Stanford Research 

Institute utilizini: their facility at Homer, Alaska, and ore with the radar 

•roup at thf MIT Lincoln Laboratory (ABMDA).    The first se4. of coordinated 

measurements were obtained over a six-week period botweon .13 March and B May 

l^vO durin,* twenty-seven traversals of tho satellite over the Fairbanks area. 

Kadar auroras were observed on most of th^ passes and preliniaoiy scars o'- 

ihn Satellit." data  from Ph pasnen has shown kbttt particle prf,cipit ttior,.: w r ■ 

occurrln- on "ach of thn ovorpooaon wh'-n radar pr^unia w^n- r"fxirt."d.    Um 

SOcOfld set of foord'Tiated moasur-m'Td,;; was mad" durln/f H  sevn-w^'K  poridU 

between 1 ficptenrt"»r   tn'l  If October ]'*>') durin     thirty-one  traversals of tlm 

satellite OVar tho Fairbanks  area.    F r the experiment with the MIT Lincoln 

3.8 
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Luborutory,  the aatc'llitf• w.: operated  for thirteen dayside pa^aea over 

Quebec Province In Canada durinr the period 10 April to 1Y April lyfO, 

A ^et of coordinated neaaurements waa also obtained with the DASA 

ICA-69 operation at Fort Churchill, Canada, during which the satellite 

providod nveaaurementa on the solar particle event which waa  in pro^resr. 

at the t,i«e,  arid determined the contributiona to the diaturbod  lonoaphrre 

m^d<, Ly  the low-energy (auroral) particles at the times of the overpussea. 

Purin ■ Ulis period {?-ri March l(ß+)) the aatellit»« waa profrarri"d to obtiin 

aev^ri ovcrpaaai.'s of the Churchill area and larrn fluxea of aolar protonr. 

in the 1 to lu-M^V ranee aa well aa enere^tic aolur electr.-na   ind alpha 

particles and auroral particlea were obaerved. 

The aatellite waa alao apecially programed durinr th«1 period of 

2*4 November to l8 December I9b9 for coordinated obaervaticna with the HAGn 

19* 1 Airborne Auroral Expedition and airrultaneoua data were obtained on 

auroral precipitation eventa. 
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PhELIMUiAKY DATA AIIAUTSIS 

ZnvnrH.!  complementary techniques have been utilized to process and to 

ucscsu the data as it has been received. For each acquisition, one or more 

survey plots shoving the outputs of some representative detectors has been 

mado from the at.aloe, tape by means of the LocKheed ground station which 

decodes and demultiplexes the si^ial and produces an analoc strip chart 

containinr. six selected instrument outputs. Since this process is entirely 

analor,, the digital time base information from the satellite is not readily 

available ttnd so the plots have an unnormalized time scale. They are ex- 

tremely uciful, however, to indicate the quality of the data, to verify that 

the pa:/load is still functioning normally, and to give a roufh indication 

of the general level of particle fluxes. 

Fi/rure h.l  shows the raw data from several representative detectors 

in this nurvey format. Relative time is plotted alonr the horizontal axi^. 

The period r.hown corresponds to one complete tape recorder dump (1CX) minuter.) 

or somewhat more than one orbit. The upper curve shows the output of the 

CME-1A in the range from 0 to 5 volts. This detector responds to electrons 

with energies between 0,8 and 1.5 keV. The two spikes shortly after turn-on 

are an in-flight calibration sequence. The satellite at this point is headinr 

south on the nightside of the earth toward the auroral zone. An enhanced flux 

is observed during the south polar crossing and the instrument returns to its 

bacRrround lovel (defined by the in-flight radioactive calibration source) MC 

the satellite heads north on the dnyside. The lar^ noise spike in the center 

of the record is from the reversal of the tape on the recorder. The sitellite 

then crosses the northern auroral zone on the dayside, 'oe;; t.hrou "h the polir 

car refion where the flux '-.oer, down to barK.'round l^vel uid then cro::r,'-:; the 

auroral MM arain on the ni'htside headjnr south. T»": two cplf.;;; ^r«•• lYnn 

ar.other in-rij.'ht calibration ocquonee and the t ipr; frnd;; with r,  r.lj'ht '«n- 

hancoment due t,o the poii'-tratinc particlec in the radiatiui belt. 'Hi" TOtmoii 

that the dayside and ni>',htr.lde a>»ror*l zones arc mer/ed in th'.- southern hemi- 

sphere und separated in the r.onn is that for this particular traversal the 

orbit r<'u(?h»?d higher marrietic latitudes in the north. 

l«-l 
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Ttie next two curves show siailar results for CME-1C (3«75 to 7.0 KeV 

electrons) and CME-1E (17.3 to 37.0 keV electrons).    The region of enhanced 

count rate in CME-1E Just prior to the second calibration sequence is a 

spurious response.    The fourth curve down shows the output of CFP-1B (pro- 

tons with energies fyeater than 10 keV).    All of these instnunents used 

channol-electron-nultipliers as the sensors.    The bottom two curves show 

the outputs of two of the scintillator-photonmltiplier detectors.    The 

TED-3 response  is proportional to the total energy flux of electrons   *ith 

energies above about .'5 KeV.    This response reaches a maximun at latitudes 

below the auroral zones in the redon of the outer radiation belt.    The 

lowor curve jfiows the output of one of the channels of the Pcnetrutinr 

fiadiition Monitor (ffiM) which is sensitive to protons in the MeV runre. 

A sol'tr proton event was in progress during the period illustrated -And the 

<•■ T "tic protons were seen over both polar caps. 

The next sta^e of analysis is performed by a computer program which 

processes the Air Force-supplied digital tapes for selected orbits and pro- 

duces a complete set of survey plots showing the outputs of 50 detectors on 

six different strip charts with a normal.zed time base.    The program first 

unpacks the digital tapes through a logical bit manipulation which converts 

the '»8-bit words into 1108-compatible 36-bit words and then stores then on 

nuuTietlc tape In a converted form for further processing.    In order to plot 

t-his lurry» ^nrmtity of data at a reasonable cost, it was necessary to maKe 

use of five drums for storage and to use u sleuth routine for chari':in,' the 

buffer size of the plot-output tape.    A short section irom euch of thror; of th" 

six strip chrirts are shown in Figures h,?.t k»3 arid 'i.'i during a traver.Vil  of 

the northern polar ru/'ion on 13 April 1^70.    The   »hscisr.u i:; u continuou.;i.v 

running lime index in seconds.    Th'- channels with a common poinl.in,: direction 

arc crouped together and th^ top curve in each figure shows the pitch an le 

corresponding to this pointing direction as a function of time as computed 

from the on-board magnetometer data.    The scale varies from 0    to 180   with 
o 

0    corresponding to particles coming down into the atmosphere in the southern 

hemisphere.    The nominal 55    detectors are further subdivided into two rroups. 

The pitch nn/Tle corresponding to the TEP detectors Is shown in the lii'ht 

^-3 
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curve while that for the remaining detectors is shown in the darker curve. 

Twf. curves are also showri for the ATI instrunents.    The light curve indicates 

th*» instruncnt response when on its 1.2-kilovolt threshold and the dark curve 

is the 0.2-kilovolt threshold response.    Each of the other curves shews the 

output of an individual detector in tho range 0 to 5 volts.    The traversals 

of the dayside auroral zone at about ^231100 seconds and the nightside  «umral 

zone at about 22^1600 arc marked by enhanced and fluctuatirw     osponses In both 

the electron and proton channels.    Care nust bn exercized in interpreting' these 

raw data since several varieties of spurious response «re present.    For ex- 

anplo,  in Pirure k.k, at about 22315^0, the nominal 90   detectors «re looking 

at the sun as indicated by the saturated response of ADI-3 *nd the higt. smooth 

peaks in the CFE's.    The peak at about 223l'*60 in the CFP-2A response in Fig- 

ure '«.3 is due to ultraviolet light (Cf., the UV monitor CZU-2).    The enhanced 

respons«» at about 2231300 in CFP-1P and the enhanced resi<onse of ADI-1 in 

Figure U.2 are due to the "scoopirtg up" of plasma which occurs when these 

detectors are oriented in the velocity direction during the tumbling of the 

spacecraft..    This type o? record has been found invaluable in detemininr 

the re.'ions and extent of spurious response and in selecting particularly 

interesting r.c/^acnts of data for detailed analysis. 

A computer program to perform the next step in the detailed analysis of 

the precipitating fluxes for selected periods has also been rievrlopr-d.    It 

uses as input the 1106 compatible marnetic tape produced by the above- 

described program and also the calibration curves, reometric factors, eneri^ 

rtxni'fz and background levels of the various channels.    The responses of thirty- 

one detectors are combined into energy spectra, pitch-angle distributions, 

differential and integral flux intensities and mean particle energies for 

both the electron and proton fluxes.    The program also generates a new con- 

densed magnetic tape record of the outputs of the selected detectors for the 

chosen time intervals and allows the storage of many of these intercstinr 

time intervals from different orbits on one tape for convenience and e^n- 

ony In further processlnr.    The prorram subdivides each interval into l(in- 

sccond peri'Kls and for each 100-:;eeond poriod it produces el «hi   r.epur-it-- 

plots, prints un output record of all cmnputed und plott'-'l qmiiilil*Sa   at'l 
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prcduM« « mlcrofllji copy or both the plots wd the printed outputs. 

of th<* j(«puter plots ülvln«: the electron results for « representative period 

•re shown in Kirures '».5» '».^ and •»•?.    The satellite is in the southern 

daysidn auroral zone headimr north (at « KMpietlc latitude of «bout 70 ). 

The abscissa is a continuously runnini* tliw index (In secunds).    The left- 

hand section of Firure k.S shows the results tram the noainal 0   OC detect- 

ors.    The curve between 1 and 2 on the ordinate scale is the lo^arlthai of the 

Into -ral of the electron flux between 0.8 and 16.3 *•¥ obtained fro« the CME-1 

detectors.    It varies between 10   and 10     electrons/ca -sec-steradian In the 

interval indicated.    The solid curve between 0 and 1 on the ordinate cives the 

average electron ancry on a linear scale in KeV (between 0 and 20 KeV). The 

iottM curve .*ives the orientation; that is, the pitch an^le beinr. sampled 

by this sot of detectors, on a linear ncale between 0   (ordinate * 0) and 180 

(ordinnto ■ 1.8).    The rerion of tht» plot between 2 and 7 on the ordinate 

scale contains the differential electron spectnun fn» the CIM-1 detectors 

for each second of the period Illustrated when the flux was significantly 

above background.    The spectrum from the first second Is the plot at the top 

left, the next Is one plot down and etc.    The spectra have been normalised 

to one unit of ordinate, and two decades are plotted on a logarithmic scale. 

In examining these data shown in Fi,-ure U.5, one sees two regions of signif- 

icant fluxes, the second one being harder and more Intense. 

The ri ••it-hand section of Kl "ure U.^ shows a slsdlur set of plot-, for 

the CME-    and CME-3 detectors (nominal ^5   pointing direction).    Figur* '«.•- 

shows similar results for the OC-'* (nominal 90   pointing direction) and 

CME-*) (nominal 180    pointing direction) detectors.    The Integral electrnn 

rluxo:; mnasured at the varlour. pitch   a..•!•?- corrcspondlnr to the Lnotant- 

uneous pointing directions of these sover-U. instruments are cith'-rod toceth'tr 

in Flcure li,/ where a pitch-ancle distribution   »t ead» second of the period 

Illustrated Is plotted.    The distribution from the first second is the plot 

at the top left.    The n«!Xt Is one plot down, etc.    The abscissa of each plot 

is pitch angle in degrees (20   per subdivision).    The ordinate is the loga- 
5 10 2 rithn of the in' \:ral flux vurying from 10    to 10     electrons/cm*"-sec-ster. 

One sees that durinr the events shown the flux was roughly Isotropie in the 

U.8 
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HI6L0 CME OUTPUTS        GRP 4 HIGLO CME OUTPUTS        GRP S 

•IIMO 

ELPHT,  SEC 
«Sft HtiiB am 

ELPHT,  SEC 

Figure h.6   Electron fluxes during a traversal of the southern dayside 
auroral zone on 13 May 1969« 
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HI6L0 ELECTRON ANGULAR DISTRIBL 
io r- 

o       kittto       Mtfir 
ELPHT,   SEC 

Fi.'iure h,'f    Electron w. .alar distribuLiour, darifi    ■•  oruvcrsul of 
the southern da, side auroral zone on 13 MJ.V 1969. 
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upper hemiapherc, while the upward traveling (backscattered) flux was 

substantially reduced. 

The next step in the analysis is the quantitative intercomparison of 

the electron and proton fluxes as computed by the previously-described 

program with the various ionospheric measurements made simultaneously on 

the satellite. This step has not yet been accomplished since the correct 

satellite orbital elements which are to be supplied by the Air Force have 

not been received for revolutions below 389» 

The ephemeris program routinely used in conjunction with the data 

analysis makes use of the inertial coordinates provided on an hourly basis 

by ENT Air Force Base, Colorado. The program represents a modification of 

one previously written at LMSC. In addition to providing the geographic      '' 

coordinates once every ten seconds, several other important quantities are 

computed. Subroutines are incorporated for calculating various quantities 

relating to the earth's magnetic field: B,L, the invariant latitude, 1^. , 

altitude of the conjugate point, and the auroral time. For a typical orbit 

acquisition approximately two to three minutes of 1108 computer time is 

required. 

After the ephemeris is generated for a given orbit, certain tests are 

routi'iely performed to verify its validity. In one of the mose useful of 

these checks, the current outputs of the solar cell arrays are compared with 

the times of transition from lightness to darkness, ae calculated in the 

ephemeris program. This test can be performed to an accuracy of 3 to 5 

seconds. Additional information on the onset times of lightness and dark- 

ness is obtained from the solar sensors. Another validity check involves 

comparisons between the magnetic field strengths neasured with the magnet- 

omotrr and those calculated from the geographic position and the earth's 

magnetic field model. This technique will readily indicate the exister.co 

of lar.':e nrrors in the ephemeris but Js not compr.-titive with the light 

znrtr.nrrj  in rnvml to accuracy. Tho response Of the RM instrument to Um 

four rrrossiri";; of the outer rariiation belt on each orhit also serves ar; an 

indication of any gross eph'.-moris errors. 

'(-12 
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A;; U rr;;:ulL of tho Voroiytim',  tootfl it war, dj ,'jcovorctl thttt Lho tiphauoTiß 

values supplied by ENT Air Force Base were in serious error for the first 3^0 

orbits. For example, on crbit 388 the light sensor indicated a time equiva- 

lent error of 125 seconds. Upon further checking, a sudden step function in 

the satellite position, as derived from the ephemeris cards supplied by ENT, 

was uncovertd. It is now generally agreed that the tracking data used were 

for another object near the 0V1-18 satellite. Accordingly, for the last six 

months personnel at ENT have been trying without success to generate a correct 

ephemeris for the first 388 orbits. As a result of their difficulties, uttemptr 

are now being made at I/4SC to run valid ephemeris for orbits greater than 3^8 

"backward" in time for about 20 days to cover the earlier orbits. 

Recently, the accuracy of the ephemeris has been tested for revolution 

6O07 by comparing the calculated positions with those measured with rudar 

techniques by Dr. A. Fieed at Lincoln Laboratory, Massachusetts Institute of 

Technology. The calculated and measured positions were found to agree within 

five kilometers. 

As originally designed, all of the charged particle detectors were to 

maintain a constant orientation with respect to the zenith and the vehicle 

velocity direction. Under these conditions the detector orientation with 

respect to the local magnetic field direction would be readily calculable 

from established magnetic field models and the satellite ephemeris. However, 

because of the failure of the gravity-gradient stabilization system and the 

resultant tumbling of the vehicle, the detector orientations must bo cal- 

culated from the on-board magnetometer measurements. The calculated orienta- 

tion of the instruments is very sensitive to the corrections to ttra M'isurod 

field which must be applied because of vehicle fields. If OM assumes that 

the vector offset field is constant in the frame of the satellitf.', it cxti  ba 

deterrlned by comparing the measured field with the field expected on thf 

basis of established field models. If we define the quantities 

B0 ■ Model field 

BJJ. ■ Measured field 

14-13 
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an offset Tiold will show up as a quasi-periodic modulation of AB with a 

period equal to the spin period of the satellite. This is clearly demon- 

strated in Figure h.Q.    The modulation is not a simple sinusoidal function 

bocause the vector orientation of the vehicle offset field and the geomag- 

netic fielrl varies in a complex way as the satellite tumbles. 

If one assumes a possible vehicle offset field with vector components -C.. 

where . deonted the coordinate axis and an error in the calibration scale 
J 

factor of (A?-l) for each axis, we can relate the true (model) field B. to 

the measured field b. in the following way. 
J 

B^t) --   A.Lb^t) + Cj] 

If the vehicle orxentation were independently known, one could calculate 

B.(t) from the model and evaluate C. and A. from a best fit. However, with- 

out prior knowledge of the vehicle orientation we must base our corrections 

on the discrepancy in the total field. 

B(t)  - ^/[b^t)^]3 + A/rb?(t)+C2]
;- + A3

2[b3(t)+C3]
2y' 

To evaluate C,, we first choose cases where b (t.) - b (t.) - 0, in which case 

we can write 

where we have used the notation B(ti) H B. and b,(t.) = b,.. If, as is shown N '   i    P i'   li    ' 
to be the case, the corrections are small compared with the total field, we 

can drop the second order terms and obtain 

B. ~ A^. + C^. 

From  bWO such   CMftOi   one wher«:  b, .   > 0  and  the other when;  t»,.    ■' O,  v/e 
li IK ' 

have 

'»-lU 



IMM/L"39-70-l 

100 

NO CORRECTIONS MADE 
*-.. 80 _ 
Ü 
S 'S- 

• 
J 
W 
Q 

60 — 
• 

O s • 

i 40 .     * 
Q • . • • 
W •  • •            . 1 
g 

•    •• •    • 

• • 
• 

73 
< w 

PQ 

it 

20 

0 •v # •    k « 
• 

•   •••• 

•  • ^     • •• 

l ..••*/;*.• 
••••.;•• •       • 

•      /   ••      • 
• .   ;. v- O -20 

• 
•    • 

• 
* • 

.40 i  •   i J_ 1 i 
2258000 2260000 

TIME (sec) 

2262000 

Ft  .ire 'i »Ü    Tiic efl^BOwA Of Mia,i.Ci,ic  I iclo oiTsc^s on   -u'   ma netomber 
(.Uta   (iir corrf ctrr:). 

H-V 



IMSC/L-39-70-1 

\ - -Ai(bik+Ci) = M^ikK) 

Bi  = Al(blK+Cl) • 

Then 

Al 

c 

Ei + Bk 

bU + lblKl 

B. lb., 1 - B,b. . 
i' Ik'   k li 

1      B. + B,. 

Similar rosulta obtained Tor A,.,C0 and A-,C_ by choosinp; suitable eaMfi whoro ^ 2     i    3 
b^ = b = 0 and b = b = 0, respecLively. 

A statistical analysis of all available data for these cases lead to 

the following results, 

CL = -19 mG 
H 

Cv = - 8 mG 

Cz - - 9 nß 

Firüira ^«9 I* the ntun data shown In Fi/'.ure '»•fl after eorrectnif, for thf 

offset fjold, but rid, applyinc; the scalr- factor. The solid linn shows whnro 

the zero lirif; would be If a scale correction A ■ 1.025 wero applied to Ihe 

data. It is obvious that the periodic modulation lias been eliminated. The 

romainin;'- scatter results primarily from the finite resolution of the tele- 

metry systom and renoral noise. 

Th(! analysis of the ion density has not at present been undertaken other 

Lhan to verifV the proper operation of the IEA instrument and to demonstrate 

that significant horizontal ion gradients do exist in the ionosphere. A typ- 

ical portion of these results are shown in Figure 3-2 and has been described 
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.in .'in 'jurlinr aectiona Tha doted-led unnlyalii of the ion denolty requires 

Uü'.*urubrj inrunriation ar, iu the orientation of the Zensor oleinentü to the 

diroction or the velocity vector. At presenc the attitude-orbit informa- 

tion hau not bee] supplied by the Air Force. As the attitude data becomes 

available the processing of the ion density data will proceed. 

As has been indicated, the vehicle did not achieve even the predicted 

two-axes stabilization and was in a variable period tumbling mode. This 

vehicle notion will significantly complicate the analysis of the ion density 

and the ion temperature. 

The analysis of the electron density and temperature data from the cylin- 

drical Langmuir probe is much less dependent upon the vehicle orientation. 

Consequently, some progress has been made toward the electron density and 

temperature analysis on a first-look basis. The tumbling mode of the vehicle 

will, however, affect the electron density and temperature analysis in that 

for certain periods the probe will be in the wake of the vehicle. While in 

the wake, the electron density measured by the probe is not simply related 

to the undisturbed electron density. Consequently, the orientation of the 

vehicle must be known to insure proper interpretation of the electron data. 

Preliminary analysis of EEA data has revealed several interesting results, 

particularly with regard to the fluxes of electrons in the energy range 0-10 eV. 

Figure k,10  illustrates two energy spectra recorded at night, one in the equa- 

torial region and the other in the auroral region. The large fluxes of elec- 

trons at night with energy in the 0-2, 2-k  and ^-8 eV range at the equatorial 

region are unexpected. A plausible source of excitation for such large fluxes 

is not known at present. These fluxes of electrons may contribute to the 

stable rod arcs observed from ground stations during the same general period. 

The value of the data is somewhat decreased and the difficulty of anal- 

ysis increased by the tumbling of the spacecraft. Thn sensors were optimally 

oriented with respect to the planned stable orientation of the opoen platform. 

However, significant result.-; are still nxpoctod. 

h-lö 
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Section 5 

SUMMARY AND CONCIiJSIQNS 

The principle conclusion is that in spite of the failure of the satellite 

to achieve orientation, all of the instruments provided some high-quality data 

and a largo body of data has been acquired that promises to yield significant 

results on the systematic relationships between the ionospheric structure at 

this altitude and the input energy in the form of particle fluxes. The Lang- 

muir probo functioned well throughout the experiment and the Ion Energy Anal- 

yzer functioned well during the first ?25 orbits. They have demonstrated 

that ionospheric structure is observed and is significant at this altitude 

and have provided a body of data sufficient for a detailed intercomparicon 

with the particle detectors. The failure of the vehicle to achieve stabili- 

zation has complicated the analyses and the delay in obtaining good ephemeris 

data for the period prior to orbit 388 has resulted in a delay in the analysis 

of the ion and electron density recults since detailed attitude information 

is required for the interpretation of the data. 

Substantial progress in the analysis of the particle data has been 

achieved in spite of the added complications due to the vehicle tumble. A 

series of computer programs has been written, the successful performances 

of the instruments has been established, and detailed surveys of the parti- 

cle fluxes for some of the early orbits has been performed. We are confident 

that the intercomparison of these fluxes with the ionospheric structure results 

when they become available will yield new insight into the causes of ionospheric 

structures in thin altitude rngimo. 
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